Melanoma is relatively common in dogs, accounting for 3% of all neoplasms and up to 7% of all malignant tumors \[[@B1]\]. Canine malignant melanoma (CMM) is a spontaneous, aggressive, rare and metastatic neoplasm. CMM of the oral cavity, nail bed, foot pad and mucocutaneous junction is a spontaneously occurring, highly aggressive and frequently metastatic neoplasm \[[@B1]-[@B4]\]. Canine oral melanomas are virtually always considered malignant tumors, whereas more than 95% of cutaneous melanocytic lesions are benign \[[@B5]\]. Dermal melanomas in dogs generally follow a benign course. Canine patients with advanced diseases (WHO stage II, III, or IV) have reported median survival times of \<5 months with aggressive local excision \[[@B1]-[@B3]\]. Unfortunately, response rates to chemotherapy in dogs with advanced melanoma range from 8% to 28% with little evidence that treatment improves survival \[[@B6]-[@B8]\]. Therefore, understanding the factors that contribute to tumor growth and metastatic dissemination is of paramount importance for the design and effective use of novel therapeutic strategies to combat tumor growth and spread. The propensity for malignant melanoma to migrate along anatomical structures such as nerves (neurotropism) and skin appendages has been recognized as a common phenomenon for many years \[[@B9]\]. The mechanism of melanoma metastasis in animals is as yet unclear, although previous studies have reported mechanisms of extravascular migratory metastasis and anti-tumoral complex \[[@B9]-[@B13]\]. To our knowledge, CMM with metastasis into the internal organs are rare, but we present an angiotropic metastatic malignant melanoma of a dog with detailed histopathological findings using immunohistochemistry.

Materials and Methods
=====================

The masectomized tissue of an 11-year-old female Yorkshire Terrier with large intestinal and abdominal tissues were obtained from a Hwanggum Animal Medical Center (Daegu, Korea) for evaluation of tumors. Radiographs revealed abdominal masses in the sublumbar region. A laparatomy revealed masses that were black to reddish colored and 2-3 mm in diameter; they were multifocally located on the serosal membrane of the large intestine and visceral peritoneum of the sublumbar region. The subcutaneous lesion of the right mammary gland showed a black to reddish mass with black to reddish petechia and ecchymosis.

Tissues samples for light microscopy were fixed in 10% neutral buffered formalin, paraffin embedded, and stained with hematoxylin and eosin (H&E). For immunohistochemistry, tissue sections were deparaffinized in xylene, rehydrated in graded alcohol series, incubated in a solution of 0.3% hydrogen peroxide in methanol for 30 minutes and microwaved at 750W for 10 min in 10 mmol/L citrate buffer, pH6.0. Tissue sections were washed with phosphate-buffered saline (PBS) and then immunostained with primary antibody. The primary antibodies used recognized S100 protein (diluted in 1:200, DakoCytomation, Carpinteria, CA, USA), vimentin (diluted in 1:100, DakoCytomation), protein kinase C-α (PKC-α; diluted in 1:100, Santa Cruz Biotechnogy, Santa Cruz, CA, USA). The avidin-biotin-peroxidase complex (ABC) solution of the ABC kit (Vector Laboratories, Burlingame, CA, USA) with 3,3-diaminobenzidine (Zymed Laboratories, San Francisco, CA, USA) was used for detection. Tissue sections were then rinsed in distilled water and counterstained with Mayer\'s hematoxylin.

Results
=======

The most extensively invaded lesions, skin and mammary glands showed abnormal hyperplasia of melanocytes in the dermal layers with hyperactivated epidermis melanocytes ([Figure 1A](#F1){ref-type="fig"}). Melanocytic tumor cells had invaded into the dermal lymphatic channels ([Figure 1B](#F1){ref-type="fig"}) and micro vessels and were hyperpigmented in the dermal reticular layer and deeper layers. Mammary glands were also heavily pigmented with mixed round and epithelioid cells. Normal mammary glands were invaded and destroyed by tumor cells ([Figures 1C and 1D](#F1){ref-type="fig"}). Pleomorphic round cells were arranged in sheets or clusters. There were also myoepithelial cells exhibiting hyperplasia. Some lymphocytes had infiltrated the pool of melanocytic cells. Histologic evaluation of the mass in the sublumbar region revealed melanocytes intermingled with abdominal connective tissue and invasiveness of the micro-vessels ([Figures 1E and 1F](#F1){ref-type="fig"}). The neoplastic cells were fusiform and epithelioid in the peritoneum. In a section of the large intestinal mass, melanocytes had invaded the muscular layer and the metastasis of melanocytic tumor cells through the blood vessels ([Figures 1G and 1H](#F1){ref-type="fig"}).

Immunohistochemically, mononuclear amelanotic cells were positive for cytoplasmic vimentin staining ([Figure 2A](#F2){ref-type="fig"}) and multinucleated cells containing melanin granules were positive for intranuclear and cytoplasmic S100 staining ([Figure 2B](#F2){ref-type="fig"}). The tumor cells are closely associated with the external surfaces of microvessels which expressed PKC-α ([Figure 2C](#F2){ref-type="fig"}) and weakly positive for PKC-ε. Our interpretation of these observations was that the multifocally invaded tumor, classified as a malignant melanoma, had at least three distinct lesions with very similar hyperplasia types and metastasis into blood vessels.

Discussion
==========

Melanoma may be one of the few neoplasms in animals whose location is an important prognostic indicator in its own right \[[@B5]\]. There is no obvious relationship between histologic characteristics, including mitotic figures and pigmentation, and survival rate \[[@B4],[@B14]\]. The initial definitive diagnosis of melanoma is usually done by histologic evaluation, with cytopathology used as a screen before biopsy or as an adjunct to biopsy \[[@B15]\]. Morphology of the melanoma in the metastatic site is frequently similar to the primary tumor. Distant sites are sometimes less pigmented and amelanotic epithelioid in form. Vascular and/or lymphatic invasion has been thought to be a direct manifestation of metastasis for progress and prognostic factors. Angiotropism in malignant melanoma has been observed in previous studies by conventional microscopy in routine tissue sections in human \[[@B13],[@B16]-[@B19]\]. To our knowledge, there have been no reports of the origin of the potential mechanism of melanoma. We evaluated the expression of vimentin, S100 protein and PKC-α. S100 staining characteristics have also been useful in the diagnosis of canine amelanotic melanomas \[[@B19],[@B20]\]. PKC was identified as a signaling protein involved in the carcinogenesis of skin tumors \[[@B21]\]. The α-isozyme of PKC is widely expressed in tissues and abnormal levels are found in tissues such as proliferating pulmonary arteriolar smooth muscle cells and adventitial fibroblasts after chronic exposure to hypoxia in mammals \[[@B22]-[@B26]\]. In our study, we carefully had to distinguish angiotropism from entrapment or engulfment of vessels by the melanoma. PKC-α activation appeared in the epithelium of microvascular channels and some tumor cells at the periphery of the vessels. There are a number of known activation signals for PKC-α such as platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF) and fibroblast growth factor (FGF) \[[@B27]\]. Although the latter feature may in fact constitute angiotropism and metastasis, we have no means at present to verify if and when such entrapment is biologically significant. From our results, there was also vascular/lymphatic invasion, which has been thought to be a direct manifestation of metastasis progress. Therefore, we consider the significance of recording vascular/lymphatic invasion until further studies are better able to sort out the problems of angiotropism versus a true intraluminal tumor.

Although our study involved only a single case of melanoma, it is of interest that the angiotropic melanoma presented had detailed, interesting findings of histopathology and immunohistochemistry. These results showed that black masses of the serosal membrane of the large intestine and peritoneum originated from the skin. The metastasis of most tumors usually occurs in the lung and other solid organs in clinical cases. In particular, the serosal membrane and peritoneum are susceptible to negligible lesion. This report describes the occurrence of an angiotropic metastatic melanoma in the serosal membranes of the large intestine rather than the internal regions of the solid organ.
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![Histopathological findings of the most extensively invaded lesions, skin and mammary glands. (A) Primary invasive melanoma. Abnormal hyperplasia of melanocytes in the dermal layers with hyperactivated epidermis melanocytes. H&E stain. Scale bar=500 µm. (B) Primary invasive melanoma. Note melanoma cells closely opposed to the external surface of microvessel (inset); melanocytic tumor cells invaded into the dermal lymphatic follicle and are hyperpigmented in the dermal reticular layer and more deep layers. H&E Stain. Scale bar=200 µm, (inset, H&E stain; Scale bar=500 µm). (C) Mammary glands also heavily pigmented. Abnormal hyperplasia of melanocytes as well as invasiveness and destruction of normal mammary glands by spindle melanocytic tumor cells. H&E stain. Scale bar=500 µm. (D) Mammary glands also heavily pigmented. Normal mammary glands were invaded with destruction by tumor cells. Pleomorphic round cells arranged in sheets or clusters. H&E stain. Scale bar=200 µm. (E) Malignant melanoma of the peritoneum lesion. Invasiveness and metastasis of melanocytic tumor in abdominal connective tissue and blood vessels. H&E stain. Scale bar=500 µm. (F) Malignant melanoma of the peritoneum lesion. Epitheloid and fusiform neoplastic cells infiltration. H&E stain. Scale bar=200 µm. (G and H) Malignant melanoma of the large intestinal lesion. Invasiveness into the muscle and metastasis of melanocytic tumor cells through the blood vessels and lymphatic channels surrounding glandular ducts. H&E stain. Scale bar=500 µm (G) and 200 µm (H).](lar-27-353-g001){#F1}

![Immunohistochemical stain with antibody for vimentin, S100 and PKC-α. (A) Malignant melanoma of the skin. Vimentin expression of mononuclear epitheloid amelanotic melanoma cells. ABC method, Mayer\'s hematoxylin counterstain. Scale bar=200 µm. (B) Malignant melanoma of the skin. S100 protein immunoreactivity is detected in melanoma cells, which is surrounded by multiple S100-negative epitheloid-shaped cells. ABC method, Mayer\'s hematoxylin counterstain. Scale bar=50 µm. (C) Malignant melanoma of the skin. Immunodetection of PKC-α in metastatic malignant melanoma. PKC-α expression in the epithelium of microvessels and some peripheral tumor cells. ABC method, Mayer\'s hematoxylin counterstain. Scale bar=200 µm.](lar-27-353-g002){#F2}
